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Glass capillary gas chromatography of homologous series of esters

Separation of homologous series of esters of halogenated carboxylic
acids on a giass capillary column with the non-polar stationary silicone
phase OV-101
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Few papers have been published on the capillary gas chromatography of ho-
mologous series of halogenated esters of carboxylic acids. Jamieson and Reid! sep-
arated trifluoroacetates of aliphatic alcokols on capillary columns coated with EGSS-
X. BDS and DEGS. Recently. systematic capillary gas chromatography of homolo-
gous series of halogenated esters of n-carboxylic acids has been reported by Kor-
honen™™*. Our earlier works®!! dealt with the gas chromatography of homologous
series of halogenated esters containing fluorine, chlorine. bromine and iodine atoms
in either the alcohol or the acid moiety of the ester on packed columns with five
different polar stationary phases. This problem has now been solved using glass-
capillary gas chromatography. Retention indices, /, and incrementis of retention in-
dices, A/, were used to correlate the type and number of halogens in the acid moiety
of the ester molecule.

This paper describes a study of the gas chromatography of mixtures of homol-
ogous series of C,-C,, n-alkyl and C;-C; 1soalkyl acetates (Ac). monochloroace-
tates (MCIAc), dichloroacetates (IDClAc), trichloroacetates (TClAc), mono-
bromoacetates (MBrAc). monoiodoacetates (MIAc) and trifluoroacetates (TFAC).

The column temperature was maintained at 80°C for the lower esters and at
200 C for the higher ones.

EXPERIMENTAL

Analyses were performed on a Fractovap Model 2130 gas chromatograph
(Carlo Erba. Milan. Italy), equipped with a flame-ionization detector and a home-
made glass capiilary column (13 m x 0.22 mm I.D.) coated with OV-10l by a
dynamic method. The glass capillary column was prepared from soft soda-lime glass
{ Unihost, Jablonec, Czechoslovakia). The inner walls were roughened by the method
of Onuska et al.!* and deactivated with dimethyldichlorosilane by a static method at
220°C. Nitrogen was used as carrier gas at a flow-rate of 10-30 cm/sec. The splitiing
ratio was 1:150. The temperatures of the injector and detector were 250 and 300°C,
respectively, for separation of the higher esters. The column temperature was main-
tained at 80°C for the lower (C,—C,) and at 200°C for the higher (C4—C, ) esters. The
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retention times of methane, the esters and of the n-alkanes used for the calculation of
retention indices were measured with a stopwatch.

Samples

Mixtures of halogenated acetates were prepared from the individual esters.
Halogenated esters were prepared by azeotropic esterification. Acetates were ob-
tained by the usual sulphuric acid-catalysed esterification of commercial acetic acid.
Their synthesis was described earlier®:”.

RESULTS AND DISCUSSION

The influence of the type and number of halogens in the acid moiety of C,-C,¢
n-alkyl and C;—C; isoalkyl acetates on the retention characteristics was studied. The
retention indices and their increments for single halogen atoms (4/7,) and methylene
groups (41, ) are presented in Tables I and II.

TABLE |

RETENTION INDICES OF C,-C, ALKYL ESTERS AND THEIR INCREMENTS AT 80 C

Esters 1 Aley, Ay axsn Ay Ay Ay
AcC, 5259 - - - - -
AcC. 595.7 69.8 - - - -
AcC; 695.8 100.1 ~ - - -
AcC, 796.4 100.6 - - - -
AcCy 896.5 100.1 - - - -
AcC, 996.6 100.1 - - - -
AcisoC, 636.8 — —_ — - -
rAcisoC. 7537.2 1104 — — — -
:AcisoCs 859.7 102.5 - - - -
MCl1AcC, 7294 - - 203.5 - -
MCiAcC, 8064 71.0 - 210.7 - -
MClAcC, 902.5 96.1 - 206°7 - -
MCIlAcC, 1001.4 98.9 - 205.0 - -
MC1AcC, 1100.2 98.8 - 203.7 - -
MC1ACcC, 1200.8 100.6 - 204.2 — -
MClAcisoC,  850.7 - - 2039 - -
MClAcisoC, 959.6 108.9 - 202.4 — -
MclAcisoC; 106235 102.9 - 202.8 - -
DClAcC, 811.5 - 285.6 203.5 821 -
DCIACC, 8824 70.0 286.7 210.7 76.0 -
DC1ACcC, 974.5 921 278.7 206.7 720 -
DClAcC, 1069.8 953 273.4 205.0 68.4 -
DClAcC, 1166.9 97.1 270.4 203.7 66.7 -
DClAcC, 1267.0 100.1 270.4 204.2 66.2 -

(Conrinued on p. 144)
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TABLE 1 (continued)
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FEsters I Ay, Ay ax3x Aoy Alye: Al
DCliAciscC, 9208 - 270.0 2039 70.1 -
DClAcisoC, 1028.8 108.0 271.6 202 4 69.2 -
DClAcisoCs 11296 100.8 269.9 202.8 67.1 -
TCiAcC, 8935 - 369.6 203.5 821 84.0
TClACC, 961.7 66.2 366.0 2107 76.0 79.3
TC1ACcC; 1051.2 89.5 3554 206.7 72.0 76.7
TClACC, 11445 93.3 348.1 205.0 68.4 74.7
TClACC, 1240.2 95.7 3437 203.7 66.7 733
TCIACC, 1339.7 99.5 343.1 204.2 66.2 72.7
TClAcisoCs 9939 - 3495.1 203.9 70.1 75.1
TClAcisoC, 11038 107.9 346.6 2024 69.2 75.0
TClAcisoCs 1203.5 99.5 343.6 202.8 67.1 73.7
MBrAcC, 800.2 - 2743 - - -
MBrAcC, 873.4 73.2 277.7 — - —
MBrAcC; 969.5 96.1 273.7 - - -
MBraAcC, 1067.8 98.3 2713 - - —
MBrAcC; 1166.7 98.9 270.2 - - -
MBrAcC, 1263.8 99.1 269.2 - — —
MBrAcisoC; 916.2 - 269.4 - - -
MBrAcisoC, 1025.8 109.6 268.6 - - -
MBrAcisoCy 11279 102.1 268.1 - - -
MiacC, 886.0 - 360.1 - - -
MliAcC, 960.5 743 374.8 - - -
MIACC, 1056.8 96.3 361.0 - - -
MIACC, 1153.5 96.7 357.1 — - -
MIACC, 12513 978 3548 — - —
MIAcC, 13499 98.6 3533 - - -
MlAcisoC; 999.9 - 353.1 — - -
MlAcisoC, 1i11.6 111.7 3534 — - -
MlAcisoCy 12099 98.3 350.2 - - -
TFACC, 3569.6 - —126.2 - - -
TFAcC, 661.3 94.7 —132.1 - - -
TFACC, 761.0 96.7 — 1335 - — -
TFACC, 858.8 97.8 —1378 - - -
TFAcisoC, 52838 - —118.0 - — -
TFAcisoC, 625.4 96.6 —131.8 - - -
TFAcisoCe 7249 99.5 —134.8 - - -

The increments of the retention indices for chlorine, bromine, iodine and
fluorine atoms (4715, AL, 41..) were calculated as the difference between the indices
for the halogenated acetate examined and those for the corresponding unhalogenated

one.

The retention increments for chlorine atoms adding to the chloroacetate and
dichloroacetate molecules (A, and 41,) were calculated from the differences
between the retention indices of the higher-chlorine-substituted ester and the lower-
substituted one, e.g. Alyo = HTClAcC,) — (DCIAcC,) and Af,, = (DClAcC,)
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T.BLE1l
I.ETENTION INDICES OF C,-C, ALKYL ESTERS AND THEIR INCREMENTS AT 200°C-

Esters 1 ey, Alyaxax Al Ay Alype
AcC, 991.1 - - -~ - -
AcC, 1091.7 100.6 - - - -
AcC, 1189.4 97.7. - - - -
AcC, 12898 100.4 - - - -
AcC,, 1389.2 99.4 - - - -
AcC,, 1589.6 2004 - — — -
AcC,, 1790.6 201.4 — _ - -
AcC,o 1991.t 200.5 - - - -
MCl1AcC, 1207.5 — 2164 2164 — —
MC1AcC, 1307.0 99.5 215.3 2153 - -
MC1AcC, 1406.0 99.0 216.6 216.6 — —
MC1lAcC, 1507.2 101.2 2174 2174 — —
MCIACC,, 16072 100.0 218.0 218.0 - _
MCIACC,,  1807.2 200.0 217.6 217.6 - -
MCiAcC,. 2008.3 201.1 217.7 217.7 — —
MCIACC,, 22098 2015 218.7 218.7 - -
DClAcC, 1283.5 — 20344 216.4 78.0 —
DCIACC, 1385.2 99.7 2935 2153 78.2 -
DCIiAcCg 14843 99.1 2949 216.6 78.3 -
DC1AcC, 1584.1 99.8 2043 2174 76.9 —
DClAcC,, 1684.0 999 2948 218.0 76.8 -
DCIACC,, 188438 200.8 295.2 217.6 77.6 -
DC1AcC,, 20853 200.3 294.7 217.7 77.0 —
DC1AcC,q 2287.0 201.7 2059 218.7 772 —
TClAcC, 1366.7 98.4 375.6 2164 78.0 81.2
TClACC 1465.1 98.7 373.4 2153 78.2 79.9
TClAcC, 1563.8 98.7 374.4 216.6 78.3 79.5
TCIACC, 1663.3 99.5 373.5 217.4 76.9 79.2
TClAcC,, 1762.7 994 373.5 218.0 76.8 78.7
TClACcC,, 1963.0 200.3 373.4% 217.6 77.6 78.2
TCilAcC,, 2163.5 2006.5 3729 217.7 77.0 78.2
TClAcC,, 23649 2014 _ 3738 218.7 77.2 779
MBrAcC 6 1284.4 - 2933 - — -
MBrACcCS 13842 99.8 2925 - - -
MBrAcC, 1484.1 99.9 294.7 — - -
MBrAcC, 1584.6 100.5 294.8 — —_ —
MBrAcC,;, 1684.8 100.2 295.6 - - -
MBrAcC,. 18853 200.5 295.7 - - -
MBrAcC,, 2086.2 200.9 295.6 - - —
MBrAcC,, 22876 201.4 296.5 - — -
MIAcC, 138.23 - 391.2

MIACC, 1481.7 994 390.0

MIAcC, 1581.2 99.5 391.8

MIACC, 1681.3 1060.1 391.5

MIACC,, 1782.0 100.7 3928

(Continued on p. 146)
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TABLE 11 /continued)

NOTES

Esters 1 Ay, Ay oy sx dlier Al BT
TFACC, $30.8 - —160.3
TFAcC- 9272 96.4 — 1645
TFAcCy 1026.3 891 —163.1
TFAcC, 1123.6 973 —166.2
TFAcC,, 1220.0 96.4 —169.2
TFACC,. 11180 195.0 —171.6
TFAcC,. 16174 199.4 —173.2
TFAcC,, 13164 199.0 - 1747

— I(ClAcC,). The apparent dependence of the values of the increments of the reten-
tion indices for methylene groups (4/cy ) and chlorine atoms (4/y) on the structure of
the esters is shown in Figs. 1 and 2. Fig. 1 does not show the dependence of the
retention indices of bromo- and iodoacetates on the carbon number of the alcohol
moiety as their values are too close to the 7 values of the dichloro- and trichloroace-
tates. For the same reason, Fig. 2 does not show the dependence of retention indices
on the carbon number for bromoacetates.

It can be seen that, in the case of the chloro-derivatives.the retention indices of
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Fig. 1. Dependence of retention indices of C,-C,, alkyl esters on carbon number in the alcohol moiety,
obtained from measurements using an OV-101 column at 80°C. Compounds: a = C;-C; isoalkyl tri-
fluoroacetates; b = C,-C¢ n-alkyl trifluoroacetates; ¢ = C;—C; isoalkyl acetates; d = C,—Cg n-alkyl
acetates; € = C;-C; isoalkyl chloroacetates; f = C,-Cg n-alkyl chloroacetates; g = C;-C; isoalkyl
dichioroacetates; h = C—-C, z-alkyl dichloroacetates; i = C;—Cj isoalkyl trichloroacetates; j = C,—C¢ n-
alksl trichloroacetates.

Fig. 2. Dependence of retention indices of C,—C,, n-alkyl esters on carbon number in the alcohol moiety

obtained from measurements using an OV-101 column at 200°C. Compounds: a = trifluoroacetates; b =
acetates; ¢ = chloroacetates; d = dichloroacetates; e = trichloroacetates; f = iodoacetates.
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the esters increase with increasing chlorine number, as well as with the weight of the
adding halogen atom, respectively. The increases in the retention indices of the lower
halogenated esters are 202-211 for the first chlorine atom, 268-274 for the first
bromine atom and 350-375 for the first iodine atom. while those for the higher
halogenated esters are 215-219 for the first chlorine atom, 292-297 for the first
bromine atom and 390-393 for the first iodine atom. The increments in the retention
indices for the second and third chlorine atoms introduced into the chloro- and
dichloroacetate molecules are lower than that for the first one. However, for intro-
duction of the three fluorine atoms into the acetates the increments in the retention
indices become increasingly negative. This different behaviour of fluorinated com-
pounds can be used to make easier the analysis of hydroxy compounds by converting
them into their fluorine derivatives. The separation of a mixture of lower halogeno-
acetates is shown in Fig. 3.
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Fig. 3. Chromatograms of the separation of n-alkyl esters monochlcroacetic (m1-m6). dichloroacetic (d1-
d6) and trichloroacetic (t1-t5) acids and of isoalky! esters of dichlorcacetic acid (id3-ié¢5) using an OV-101
column (15m x 0.22 1.D.) at 80°C.
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